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CHAPTER I 


INTRODUCTION 

The measurement and prediction of energy transfer 

rates in gases is a problem of practical„jLmportance in the 

development of new laser systems, chemical kinetics and electrical 

discharges. During the last decade, chemists and physicists 

working on the development of powerful, versatile and efficient 

laser systems have "become interested in the details of molecular 

energy transfer. It is infact the relative rates of energy 

flow between vibrational modes and among the translational, 

rotational, and vibrational degrees of freedom which determines 

the gain, energy, and power characteristics of most molecular 

gas lasers. A knowledge of the factors affecting energy 

transfer can often be used to increase the efficiency and 

power of a given laser system. For example, in the early 

development of gas laser technology , CO 2 laser power output 

increased from a level of a few milliwatts for pure CC^ to 

1—3 

several hundred watts for mixtures of CO^, Ng arl ^ 
enhanced power and efficiency of the mixed gas system are 
intimately related to the importance of energy transfer between 
.the vibrational modes of CC>2 and N^ and between the vibrational 
and translational degrees of freedom of CO^ and He. At the 
present time, only a small number of molecules exhibit laser 
action, but it is reasonable to expect that many new molecular 
lasers can be developed as knowledge of energy transfer 
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mechanisms and path, ways increases. 

Atomic recombination and unimolecular decomposition 
both depend on the transfer of energy to a vibrational degree 
of freedom. For example, in the reaction 

K + EDI— > KC1 + H 

at some point in this reaction the H^Gl hbond must break. We 
can expect the' reaction to occur' with greater probability if 
the H-Cl bond could be weakened before encountering a K atom. 

The addition of energy to the vibrational degrees of freedom 
of HC1 constitutes such a weakening because a molecule in an 
excited vibrational state is closer to the dissociation limit 
than a molecule in the ground vibrational state. On the other 
hand, to a good degree of approximation the strength of the H— Cl 
bond is independent of both translational and rotationan energies. 
But simply because of this example, we cannot say that trans- 
lational and rotational energies are not at all important in 
determining the rate of any chemical reaction. The relative 
importance of different degrees of freedom (Vibration, Rotation, 
and Translation) can only be determined by careful consideration 

of the potential energy surfaces leading from reactants to 

4 - 

products . Thus the flow of energy between the various degrees 

of freedom of a molecule remains a topic of great importance in 

the development of complete theory of chemical reactivity. 

In addition to the practical aspects mentioned above, 

experimental study of molecular energy flow offers a good test 
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for energy transfer theories. In this field, theoretical 
efforts are hampered largely by lac£* of knowledge of the 
complete interaction potential between the two colliding mole- 
cules. In addition, for polyatomic molecules, the number of 
energy transfer paths available during a particular collision 
is so large that theoretical computation of ‘energy transfer 
cross-sections is not possible without many approximations. 

Hence experimental data serve as an excellent test for the 
necessarily approximate treatment of these energy transfer 
theories. 

Shock waves and ultrasonics have long provided the 
most useful tools for the study of vibration-translation (V-T) 
energy transfer in gas mixtures. The widely used experimental 
methods in the study of vibration-vibration (V-V) energy 
transfer processes are: 

•. 1.; Ultrasonic and shock wave techniques 

2. Optical excitation 

3. Plash spectroscopy 

4* Mono chromatically excited electronic fluorescence 

5. Chemical excitation 

6. Laser excitation methods. 

A brief description of the first five techniques has been 
presented by Moore , and hence their discussion is omitted here. 
The laser induced fluorescence technique which is employed in 
the present work is described in detail in Chapter 2. 
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The vibration-vibration (Y-Y) energy transfer processes 
can be conveniently studied by creating a non- equilibrium 
population among the vibrational energy levels and subsequent 
observation of the rate at which they relax .towards equilibrium, 
lasers are the best source for producing such non-equilibrium 
populations, because of large power density available in a 
frequency width small compared with the molecular absorption 
linewidth^. In this work, the energy transfer rates from the 
asymmetric stretching mode of CC^ to n-Propyl alcohol and iso- 
propyl alcohol are studied. A 10. 6p Q-switched CO^ laser is 
used to excite • (00°l) mode (asymmetric stretching mode) of CO^ 
molecule. The rate of decay of the molecules in this level, due 
to collisions with CO2 and added alcohol molecules, is then 
followed by observing the intensity of the (00°l)— / (00°0) 
spantaneous emission in CO^ as a function of. .time. The energy- 
transfer cross-sections are measured over the temperature range 
303-514 °K for 3 different compositions of the mixtures. The 
observed negative temperature dependence and large magnitudes 
of energy transfer rates suggest that the energy transfer 
processes are caused by long range forces. A detailed description 
Of the experimental set up used in the present wo A is also 
included in Chapter 2. The relevant theories to predict the 
energy transfer probabilities are briefly' mentioned in Chapter 3. 
Chapter 4 presents the experimental results and discussion. 

Lastly the conclusions arrived at are mentioned in Chapter 5. 



CHAPTER 2 


EXPERIMENTAL TECHNIQUE AI\ T D SET UP 

The vibration-vibration (Y-V) energy transfer processes 
are best studied by creating a non-equilibrium distribution 
among the vibrational levels of the molecule and subsequent 
observation of the rate at which they decay towards the 
equilibrium distribution. The laser induced fluorescence method 
has several advantages over the conventional methods of ultra- 
sonic absorption and shock waves for the measurement of these 
rates. In general, any laser which operates on a vibrational 
transition permits that transition to be excited in a gas 
sample which is subjected to the laser radiation. Hence the 
initial excited level of the gas is known in the laser excited 
fluorescence technique. The shock tube and ultrasonic absorption 
techniques are limited by the fact that excitation must go 
through the translational degrees of freedom. In these 
techniques, it is not possible to uniquely specify the initial 
excited level and the analysis of the data in polyatomic 
molecules is generally complicated. The narrow pulse -.sj&Aths 
and large power densities available in laser radiation are 
extremely useful in the study of energy transfer processes 
in gases and gas mixtures. The only limitation of the laser 
induced fluorescence technique is that the energy transfer 
processes can be studied in only those molecules which absorb 
laser radiation. With the development of new laser systems. 




tiie number of molecules which could he studied will increase. 

In the present study CO^OO 0 !) level is excited by a 
10. and 9. 6p Q-switched CO 2 laser pulse. During the pulse 
duration the (l0?(3), (02°0) — > (00°l) transition in COg 
present in the sample is nearly saturated. . . The application 
of an intense laser pulse thus leads to a population in (00°l) 
level of CO 2 that is in excess of that at equilibrium.. In the 
time between two laser pulses, this level (0Q°l) decays to 
equilibrium with a time constant, x, called' the relaxation 
time. Since (00°l) level is optically connected to the ground 
state, spantaneous emission occurs at 4.3p. The intensity of 
this fluorescence is proportional to the excess number of 
molecules in the (00°l) level and the rate at which the 
populations attains its equilibrium value can be studied by 
monitoring the rate of decay of the intensity of the fluorescence 
si gnal . 

The excess population in the (00°l) level of CO ^ is 
removed by all the following three independent processes 
simultaneously. 

(i) Collisions with other molecules 

(ii) Spontaneous emission of radiation 

(iii) Diffusion and subsequent deactivation by 
collisions with the walls of container. 

Hence the observed time constant (x) can' be expressed 
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(-) 

v' observed 


( 1 ) 

t collisions 


radiation + 


(i) 

^'diffusion 


( 2 . 1 ) 


Of the above processes, the colli sional deactivation rate 
(“) co n is directly proportional to the pressure and the 
diffusion rate to the walls, (^diff varies inversely as the 
pressure. The radiative decay rate (^) ra( j is independent of 
the pressure. In the present experiments, the pressures are 
high enough for the diffusion rate to be negligible. Hence 
a plot of (^) 0 k s vs pressure gives a straight line. The slope 
of this line = K , gives the collisional deactivation 

rate constant'. 

The observed rate constant Z is composed of the 

deactivation by collisions with other CO^ molecules and by 

collisions with M (M being either ISO - or Normal - propyl 

alcohol molecules) . Hence by studying the dependence of the 

K o b s ffrs-lnes on the composition of the .gas mixture, it is 

possible to obtain the deactivation rate K CQ solely by 

collisions with M which is a direct measure of the rate of 

energy transfer from COgCOO 0 !) to M. The temperature dependence 

of this K co gives us information about the nature of inter- 

molecular forces which cause the energy transfer. If the rate 

constants increase with temperature, short range forces are 

7 ft 

expected to be dominant ' . On the other hand, if the system 

shows negative temperature dependence long range forces are 

q in 

supposed to be controlling the energy transfer process * 



The experimental data on energy transfer is - generally 


reported in terms of the deactivation rate constant 
the collision cross-section for energy transfer cr, and the 
energy transfer probability per collision P, These are inter- 
related as follows: 


a = (K/nv) 

P = ( &) 


( 2 . 2 ) 

(2.3) 


where n - number density of molecules 

v - average relative velocity of the colliding pair and 
d - average diameter of the colliding pair 


Thus for CO^-rM collisions, 

d = i[d(G0 o ) + d (M ) ] 


(2.4) 


Experimental Set-up : 

The experimental set-up is similar to that described 
previously by Rao 11 except that the test cell which can be 
used upto 1000°K. A block diagram of the experimental set-up is 
shown in Figure 1. In brief the laser consists of a water 
cooled discharge tube, 25 mm I.D. , 4 meter length of pyrex glass 
One end is sealed at Brewster's angle with a Harshaw polished 
NaCl window, 60 mm diameter and 5 mm thickness. The other end 
is closed with a 10 m radius of curvature gold coated output 
mirror with a 6 mm diameter central hole. This hole is closed 
with a NaCl window. A mixture of CO^Ritrogen? Helium in the 
ratio of 1:1. 5:1 is pumped through the tube at a pressure of 
about 15 Torr with a 160 lit/min mechanical pimp. The mixture 
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is introduced at the anode and pumped out at the cathode. 

An optimum current of 21 mA required 10-11 KVDC of potential 
difference to maintain the discharge. At the other end of 
the cavity, a 50 mm diameter, 5 mm thick flat gold coated 
mirror is rotated by a synchronous motor at 70 cps to Q-switch 
the laser. 

In the cavity of the laser, that is, between the 
Brewster's angle window and rotating mirror is placed a test 
cell, 35 cm long, and 25 mm I.D. The ends of this cell are 
closed with ha Cl windows at Brewster's angle. The 4.3p. 
fluorescence emitted by the (X^COO 0 !) mode is viewed normal 
to the laser axis through a lithium fluoride window (50 mm dia- 
meter and 5 mm thick) attached to the test cell. A 400 watt, 

2 m long, 18 mm wide heating tape is wound on the sample cell 
for heating. The temperature is maintained constant within 
+2°G through a Honeywell Temperature Controller and is measured 
with a chromel-alumel thermocouple. A point light source is 
focussed on to the rotating mirror and its reflection is 
intercepted by an RCA IP 28 photo multiplier tube. The out- 
put from this photomultiplier is used .to trigger the electronics. 

The gases used are C0 2 of 99.8 per cent purity (Bone- 
dry grade, supplied by Matheson Gas Co.) and normal-propyl alcohol 
and iso-propyl alcohol each of about 99.95 per cent purity 
(AR grade, supplied by High Purity Chemicals Private limited. 

New Delhi). They are used without further purification. 

Mixtures are prepared in glass bulbs at a total pressure of 
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about 400 Torr which are thoroughly evacuated to 10 Torr 
for a few hours before mixing. They are left for atleast for 
24 hours for complete mixing before the sample is withdrawn 
for fluorescence studies. The composition of the gas mixture 
is estimated from the partial pressures. 

The 4.3p fluorescence viewed through a LiF window, 
which blocks the radiation above 7p, is focussed onto &e:Au 
detector (SBRC) by an off-axis mirror (6;l). The detector is 
cooled to 77°K and loaded with 10 kilo— ohms. The output 
voltage from the detector is displaced on TeK— 549 oscilloscope 
provided with a 1A7A plug-in unit. A typical oscillogram is 
shown in Figure 2. The vertical amplifier output from the 
oscilloscope is fed to the PAR CW-1 Box-car integrator, to 
improve the signal to noise ratio. The usual integration times 
are 20 minutes, with a time constant of 0.1 msec and gate 
width of 1 n sec. 

The output from the box-car is recorded on a Bausch- 
lomb Vom-6 strip chart recorder. The response time of the 
detector with the associated electronics is approximately 3 p sec 
A sample is used to obtain a couple of records and discarded. 

A fresh sample is taken for subsequent runs*.. The studies are 
performed over a pressure range of 2-28 Torr. A silicone oil 
manometer is used to measure the gas pressure in the test cell. 
The maximum pressure in. the cell is limited by the response time 
6f the .detector with the associated electronics and the lower 
pressures by the diffusion to the cell walls. 










CHAPTER 5 


ENERGY TRANSFER THEORIES 

The various theories of energy transfer attempt to 
estimate the probability that a molecule undergoes a transition 
from one vibrational state to the other due to intermolecular 
interaction during collision. 

Landau and Teller Theory ; 

7 

Landau and Teller' were the first to formulate a 
classical theoretical model to understand the mechanism of 
vibrational energy transfer in gases. They considered the 
head-on collision of a molecule BC (atom C fixed in space) with 
A, A approaching along the direction BC. When the colliding 
molecules are hard elastic spheres, they interact upon direct 
collision. Two types of interaction between B and A are possible 
They are (l) adiabatic and (2) non-adiabatic collisions. In 
the case of adiabatic collisions the efficiency of energy 
transfer is zero and in the case of non-adiabatic collisions 
the energy transfer efficiency is very high. Landau and Teller 
pointed out that the probability of energy transfer depends on 
the ratio of the period of vibration to the time of interaction. 
The ratio is given by (~~) where ~0 is the vibration frequency, 

1 is the characteristic length and V is the relative velocity 
of the colliding atom (A). Prom this, they concluded that only 
short range forces are effective in producing transition. Since 
the repulsive intermolecular forces- have shorter range than the 
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attractive ones, only the repulsive forces need to be considered 


landau and Teller assumed an exponential interaction 
law and deduced the transition probability function ( g ), 
which is given by 


1 

Z 



(|jr ) 1/6 exp [- |(^) 1/3 ] 


2 kT ; 


Thus k a exp (-CT -1 ^). Hence a plot of Ink vs T -1 ^ 
yield a straight line. 


(3.1) 

should 


Schwartz. Slawsk.y and Herzfeld (SSH) Theory ; 

Q 

Schwartz, Slawsky and Herzfeld extended the theory to. 
chemically non-reactive gas mixtures and to gas molecules with 
several normal vibrational modes. They considered the molecules 
to be rotationless and approach each other along a straight line 
They handled the problem with three dimensional quantum 
mechanical treatment and found that 

P-; exp [ -3 ( k- E 2 p tz 2 /2 a 2 h 2 kT) 1//5 ] (3.2) 

which means that P increases with increasing T, and decreases 
with increasing ( A. E). In this expression , a is the relative 
approach velocity, p is the reduced mass and k is the Boltzmann 
constant. The temperature dependence and the magnitude of the 
energy transfer probabilities predicted by the SSH theory are 
consistent with the available experimental data in many systems 
in the case of vibration-translation (V-T) energy transfer 
where large amounts of energy are exchanged with translation. 
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Sharma -Brau Theory ; 

Tiie theories of Landau and Teller and SSH considered 
short range forces and showed that the probability for 
vibrational exchange increased with temperature. However the 

TO 

experiments »f Rosses, Wood and G-erry showed a negative 
temperature dependence below 1000°K, that is, probability of 
energy exchange decreasing with temperature in the vibration- 
vibration transfer between CO^ (00°l) and (v=0). In this 
energy exchange, the energy deficit is only 18 cm -1 . Such 

■ ... ■■■■..' ■ . . i 

processes for which the energy mismatch is very small are said 

to be near_re sonant processes. 

Sharma and Brau^ ,P ® explained this negative temperature . 

dependence of vibrational energy exchange probability by 

considering the long range dipole- quadrapole interaction between 

these molecules. The calculations based on Sharma and Brau 

9 13 

theory were in excellent agreement with the experimentally-v 
observed temperature dependence (T“ P ) of the near resonant • 
vibrational relaxation processes. 

According to Sharma and Brau, the probability that 
vibrational energy transfer will occur during a collision 
described by a classical trajectory R(t) may be written as 

i y» i 

, V \ 

P = ( “2 ) e iwt < f 1 V [R(t ) ] I i > at ■ ) (3.4) 

Here K w is the amount of energy transferred to translation 
(the net change in vibrational energy during the collision), 
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§ ; 

f i y and { f > are the initial and final vibration-rotation 
wave functions, and V[R(t)] is the intermolecular potential 
function including its dependence on all the vibrational, 
rotational co-ordinates. The long range part£of intermolecular 
potential, may give significant probabilities for nearly 
resonant energy transfer* but are rapidly averaged to zero as 


w increases. 



CHAPTER 4 


EXPERIMENT AIi RESULTS AID DISCUSSIO N 

Using the laser induced fluorescence technique, the 
deactivation of the C 02 (- 00 °l) mode in collisions with n- 
propyl alcohol and iso-propyl alcohol is studied. The 
temperature range studied is 303-514°K for n-propyl alcohol 
and 303-512°K for iso-propyl alcohol. At higher temperatures, 
the reproducibility of the data is checked by the f ollowing 
method to make sure that no dissociation of the alcohols occurred 
The relaxation time x of a sample at a given pressure P is first 
measured at room temperature and the temperature of the sample 
is then raised to the desired value and maintained there for 
an hour, Thea the sample is cooled back to room temperature 
and the pressure and relaxation time are again measured. These 
measurements agreed within the experimental error in the 
temperature ranges mentioned above confirming that' no appreciable 
dissociation or association of the sample occurred in the 
temperature range. 

The rates of energy transfer are studied as a function 
of composition of the gas mixture at each temperature and it 
is observed that the rates increased linearly with increasing 
composition of the collision partner, in the composition range 
studied. The maximum composition of the mixtures with which 
experiments are carried out, are limited by the time constant 
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of the detector and the associated electronics. The maximum 
compositions studied are 3.7 per cent in the case of normal- 
propyl al-cohol and 4.1 per cent in the case of' iso-propyl 
alcohol. The rate constant for deactivation of CC^COO 0 !) due 
to collisions with alcohol molecules is obtained by extrapolating 
the measured rates to 100 per cent .alcohol. In both the 
systems studied^the rate constants are found to decrease with 
increasing temperature. The large magnitudesand the negative 
temperature dependence of the rate constants suggest that near- 
resonant processes are responsible for the deactivation of 
C02(00°l) in both systems. As discussed earlier, long range 
intermole cular forces are expected to be dominant in causing 
energy transfer in such processes. 

Carbon Dioxide - Normal Propyl Alcohol ; 

The fluorescence from CC^COO 0 !) at 4. exhibited a 
single exponential decay with a time constant x for all the 
mixtures studied for this system. A typical fluorescence decay 
curve (1 per cent n-propyl alcohol, at a pressure of 17. D Torr 
and 437°K) is shown in Figure 3. A semi-log plot of the 
intensity of the fluorescence versus time, shown in Figure 4 , 
resulted in a straight line with slope, (28. 5msec“ 1 7h.e The 
experiment is conducted at about ten different pressures in 
the range 4.4 to 28 Torr and at each pressure the value of 't:“ 1 
is obtained. It can be seen from equation (2.1) that as long 
as the radiative and diffusional contributions to the 
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. "t. 

deactivation rate are negligible, the observed x represents 
only the collisional deactivation rate of C0 2 (00°lj. In 
Figure 5, x X is plotted against pressure P and it can be 
observed from the figure that (v)*~^ is proportional to pressure 
P indicating that only bimoiecular collisions are dominant In 

the pressure range studied. A least square analysis of the 

—1 —1 

data of x versus pressure is made to get (Pit) - = Z -^g values 

with the corresponding standard deviation. The values of (Pv)"" X 
are thus obtained for three different mixtures of C0 2 and 
normhl -propyl alcohol (1.0 per cent, 2.0 per cent and 3.7 per 
cent n-propyl alcohol) at 4 temperatures, 514°Z, 437°K, 371° K 
and 305. 5°K (room temperature). A plot of (Pv)”^ as a function 
of Xjyj. (mole fraction of normal-propyl alcohol in the binary 
mixture) is shown in Figure 6 and the linearity of the plots 
suggests that 


K obs ~ K C0 2 -C0 2 X C0 2 + K C0 2 -M 2 M 


(4.1) 


where M = normal-propyl alcohol 


represents the rate constant 


In the above expression, K CQ _ co 

2 2 

for the deactivation of C0g(00 o l) in collisions with carbon- 
dioxide molecules only and Z CQ is the rate constant for 
energy transfer in collisions with nomal-propyl alcohol only. 
The rate constant Z CQ is then obtained by extrapolating the 

K obs va3 ’ ues « 0nce a least square fit of K obs versus 

is made to get Z Q() _ M with error limits. The values of 
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K C0. CO 2 aS a -^ unc "k-i- on of temperature reported earlier 

are made use of in estimating Kqq The rate constants and 

the related values of energy transfer c ross— sections are 
calculated from eqn. (2.2) and shown in Table I. The 
temperature dependence of K CQ _ M is presented in Figure 7. The 
rest of the experimental results are presented in Tables 2-5. 

Based on a knowledge of the vibrational spectra of 
n-propyl alcohol'*'^ one can enumerate a large number of processes 
which are likely to deactivate the CC^COO 0 !) mode. For a 
polyatomic molecule with a large number of vibrational levels 
including the fundamental, overtone and combination bands, the 
identification of particular process is rather difficult. 

Because of the presence of a large number of energy levels, 
several processes contribute to the deactivation of CC^COO 0 !). 

The observed rate is the overall rate due to all these processes. 
Of the several processes, one can eliminate many of them based 
on the following criteria. 


1. Energy Deficit : The probability of energy transfer is 
maximum when the energy that has to go into translation is very 
small. The probability for energy transfer is very small if 
energy deficit ( /k E) is large and such processes can be ignored. 

2. Transition Multi-Pole Moments : It is known that the energy 
transfer probability is proportional to the product of transition 


multipole moments. Hence transitions which are infrared inactive 
and those transitions which are likely to have very little 

1.1. T. r /' f\FUR 

CENTRAL LIBRARY 

Acc. No. A SfilM* 
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TABLE 1: RATE COBS TAM? S AND CROSS SECTIONS OE ENERGY TRANSFER 
FROM C0 2 (00°1) TO N-PRQPYL ALCOHOL 


Temp. 

in 

°K 

Mole Fraction 
“of n-Propyl 
alcohol 

(Pt)” 1 
m sec“^x 
torr -1 

-K 

—1 —1 

sec x torr 

cr a 

(i ) 2 

305.5 

0.010 

2.11 + 0.15 b 




0.021 

5.56 + 0.23 

(164. 48+28. 65 )xl0 3 

1.038 


0.038 

6.39 ± 0.96 



371.0 

0.010 

1.42 + 0.13 




0.021 

3.77 + 0.13 

(154.46+9.56 )xl0 3 

1.074 


0.038 

6.11 + 0.56 



437.0 

0.010 

1.22 + 0.08 




0.021 

2.75 + 0.18 

(70.73 +12.34) xlO 3 

0.534 


0.038 

3.12 + 0.24 



514.0 

0.010 

1.29 + 0.07 




0.021 

1.86 + 0.13 

(53.05+2.07)xl0 3 

0.434 


0.058 v 

2.89 ± 0.23 




a The cross-sections a are calculated according to eq. (2.2). 
°The error limits correspond to 95 per cent confidence limits 
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TABLE 2 


Temperature = 514°K System: Carbondioxide - n-Propyl 

- Alcohol 

Pressure (P) in Torr; t - 1 in msec -1 ; X-mole fraction of Alcohol 


X = 


X = 

0.021 

X = 

0.010 

p 

T- 1 

VP 

T- 1 

P 

t -1 

4.0 

17.57 

4.1 

18.45 

3.3 

10.21 

4.0 

19.54 

4.1 

19.26 

3.3 

11.17 

5.6 

23.00 

5.7 

24.00 

4.9 

14.66 

5.6 

25.03 

5.7 

21.32 

4.9 

13.98 

7.4 

34.39 

7.4 

25.42 

7.0 

16.95 

7.4 

30.9 

7.4 

24.10 

7.0 

17.34 

9.4 

22.43 

7.4 

24.34 

7.0 

19.05 

9.4 

28.13 

10.3 

28.73 

8.8 

22.02 

11.1 

37.29 

10.3 

28.43 

8.8 

21.09 

11.1 

30.70 

10.3 

28.97 

11.1 

20.66 

11.1 

50.30 

12.2 

34.30 

11.1 

25.39 

12.6 

40.36 

12.2 

39.61 

11.1 

22.63 

12.6 

55.72 

12.2 

39.15 

13.8 

28.55 

12.6 

52.10 

13.4 

38.07 

13.8 

27.69 

14.2 

51.21 

13.4 

41.53 

16.1 

32.11 

14.2 

53.25 

13.4 

39.50 

16.1 

30.80 

16.3 

48.11 

15.2 

43.04 

16.1 

30.80 

16.3 

51.25 

15.2 

40.24 

19.7 

35.66 

16.3 

48.55 

17.6 

46.85 

19.7 

37.40 

18.2 

72.59 

17.6 

51.17 

23.0 

40.33 

18.2 

67.19 

17.6 

45.74 

23.0 

34.17 

21.4 

69.04 

17.6 

47.70 

27.0 

44.45 

21.4 

61.70 

19.2 

54.18 

27.0 

36.77 

21.4 

71.01 

19.2 

50.33 





23.0 

52.29 





23.0 

51.95 





23.0 

43.54 




(Pt) -1 =( 2. 89+0.23)- (Pt) -1 =(|. 36+0.13) (Pt) -1 =( 1.29+0.67) 

-l-i -l-i -T -l 

msec Torr msec Torr msec Torr 
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TABLE 5 

Temperature = 437°K System: Carbon Dioxide-n-propyl Alcohol 

Pressure (P) in Torr; (t)“ in msec” ; X-mole fraction of alcohol 



X=0.038 

X=0.021 

X=0 

.010 

p 


P 

T-- 1 - 

P 


2.8 

21.83 

3.4 

15.21 

4.4 

18.06 

2.8 

21.58 

3.4 

15.22 

4.4 

15.86 

3.9 

25.55 

5.0 

20.34 

4.4 

16.79 

3.9 

35.37 

5.0 

18.87 

6.6 

19.57 

5.4 

36.35 

6.7 

20.80 

6.6 

20.49 

5.4 

32.67 

6.7 

20.78 

8.4 

20.33 

7.0 

38.37 

8.4 

30.90 

8.4 

20.07 

7.0 

46.57 

8.4 

29.30 

10.5 

25.02 

8.6 

56.11 

10.6 

34.03 

10.5 

26.07 

8.6 

51.28 

10.6 

32.47 

12.7 

25.34 

10.6 

56.23 

12.6 

37.75 

12.7 

25.75 

10.6 

62.83 

12.6 

47.80 

14.2 

30.85 

10.6 

57.83 

15.4 

42.94 

14.2 

29.21 

12.2 

53.63 

15.4 

64.60 

17.1 

32.05 

12.2 

55.79 

18.9 

63.22 

17.1 

28.50 

13.6 

58.11 

18.9 

48.13 

20.6 

35.72 

13.6 

56.20 

22.7 

78.29 

20.6 

33.59 

17.0 

76.40 

22.7 

56.97 

25.5 

41.81 

17.0 

62.97 

25.5 

83.50 

25.5 

34.59 

19.3 

81.66 

25.5 

73.22 

25. <5 

40.43 

19.3 

75.21 

25.5 

71.66 

28.0 

46.79 





28.0 

55.27 

(P-t')” 1 : 

=3.12+0.23)- 

(Pt) -1 = (2.75 ±- 

-0.18) 


21+ 0.05) 


msec”' 1 'Torr“' 1 ' 

-lrr, 

msec Torr 

-1 

msec“^Torr“^ 
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TABLE 4 


Temp era ture=371°K System: Carbon dioxide-n-propyl Alcohol 

Pressure (P) in Torrj, (t) - 1 in msec -1 ; X-mole fraction of 

alcohol 


X=0.038 ““ 

x=o 

.021 

X=0.010 • 

p 

r -1 

P 

X - 1 

P 

-1 

% 

3.2 

23.70 

4.5 

20.71 

4.6 

12.75 

3.2 

22.11 

4.5 

19.60 

4.6 . 

13.03 

4.2 

29.12 

6.4 

26.33 

4.6 

13.03 

4.2 

29.93 

6.4 

24.90 

6.4 

14.66 

6.4 

44.27 

8.4 

38.85 

6.4 

14.66 

6.4 

44.27 

8.4 

38.51 

7.9 

15.10 

7.7 

54.69 

10.4 

48.79 

7.9 

• 13.67 

7.7 

445.36 

10.4 

46.42 

9.8 

17.49 

9.8 

79.46 

12.2 

54.58 

9.8 

17.99 

9.8 

65.30 

12.2 

50.99 

11.3 

20.50 

11.3 

94.00 

12.2 

47.96 

11.3 

21.83 

11.3 

88.27 

13.8 

57.42 

13.3 

29.16 

11.3 

90.52 

13.8 

53.11 

13.3 

27.13 

11.3 

63.90 

13.8 

52.55 

16.2 

35.73 

12.9 

82.99 

15.0 

57.68 

16.2 

41.22 

12.9 

79.36 

15.0 

57.81 

19.2 

26.09 

14.8 

84.64 

17.0 

67.11 

19.2 

26.76 

14.8 

85.200 

17.0 

67.32 

21.6 

34.31 



18.6 

69.05 

21.6 

38.70 



18.6 

77.46 

25.7 

40.85 



20.2 

82.62 

25.7 

42.75 



20.2 

83. 03 



(Pt) -1 =( 6.141+0.56) 

(Pt) -1 =( 3. 77+0.13) 

(Pt ) -1 =(1.41+0.13 ) 

-1 -1 

msec Torr 

msec 

-1 -1 

Torr 

-1 -1 

msec Torr 
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TABLE 5 


Temperature =305. 5 K- System :Carbondioxide-n-Propyl Alcohol 

Pressure (P) in Torr ; (ir)"“^in msec'"' 1 '; X-mole fraction of alcohol 



X=0.038 

X= 

=0.021 

x=o". 

010 

p 

■r 1 

P 

T- 1 

P 

-1 

T 

3.9 

66.73 

3.1 

27.59 

4.6 

32.93 

3.9 

63.59 

3.1 

31.19 

4. 6 

27.17 

5.5 

67.45 

4.8 

33.91 

6.4 

30.05 

5.5 

77.06 

4.8 

31.30 

6.4 

26.15 

6.7 

76.06 

4.8 

30.61 

7.7 

29.16 

6.7 

93.41 

6.4 

45.16 

7.7 

28.98 

8.2 

89.10 

6.4 

49.16 

10.0 

29.69 

8.2 

111.99 

7.8 

57.28 

10.0 

31. 65^ 

9.0 

81.44 

7.8 

48.52 

11.8 

‘ 36.07 

9.0 

79.39 

9.4 

71.71 

11.8 

36.83 

10.1 

102.19 

9.4 

56.41 

14.2 

43-3-22 

10.1 

114.02 

9.9 

55.19 

14.2 

40.05 

1Q.1 

99.03 

9.9 

58.46 

15.9 

50.02 

12.4 

112.34 

11.0 

60.04 

15.9 

44.26 

12.4 

107.70 

11.0 

60. 00 

15.9 

55.02 

13.0 

97.99 

13.1 

82.06 

17.7 

54.93 

13.0 

89.34 

12.1 

80.70 

17.7 

56.67 

14.1 

111.69 

14.8 

98.02 

19.6 

50.05 

14.1 

120.99 

14.8 

83.72 

19.6 

54.65 

16.4 

147.20 

14.8 

84.17 

22.2 

63.02 

16.4 

191.88 

16.4 

98.23 

22.2 

65.50 



16.4 

- 97.61 





22.7 

147.49 





22.7 

128.15 




(Pt)” 1 ^. 39+0. 96) (Pt)" 1 =(5. 56+0.23)- (Px)“ 1 =(2.11i 0.16) 


msec""' 1 ' Torr “ , ' L 


-1 —1 

msec Torr 


msec’"' 1 ' Torr""' 1 ' 


31 


transition multipole moments can be ignored. 

3. Energy Level Population : Since the molecules are distributed 
among the various energy levels according to Boltzmann distri- 
bution, the number of molecules in the higher excited energy 
levels will be very small. Therefore, it is enough to consider 
the collision partners in the ground state or in the low 

lying vibrational energy levels for the deactivation of C0 2 (00°1). 

4. Quan turn Numb er Chang e s : The probability of transition from 
the ground state to a fundamental level is two orders of 
magnitude larger than that of transition from ground state to 
overtone. Hence processes involving fundamental levels are 
preferred cbver those involving overtones for the same amount 
of energy deficit. 

Based on the above criteria the following processes are 
likely to be responsible in the deactivation of C0 2 (00°l). 

C0 2 (00°1) + M = C0 2 (10°0) + M (--:)= 971 cm -1 ) +*yE 

=-10 cm"" 1 

C0 2 (00°1) + M = C0 2 (02°0 ) + M (i) = 1066 cm"l) +iE 

= -3 cm 1 

C0 2 (00°1) + M(.$ = 286) = C0 2 (10°0) + M (v =1218 cm” 1 ) 

+ A E = -29 cm” 1 

Since the transition multipole moments are not available 
for the indicated transitions, no attempt has been made to 
theoretically estimate the transition probabilities. 
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Carbon Dioxide - Iso-Prot>yl Alcohol ; 

The collisional energy transfer rates from CC^COO 0 !) 
to iso— propyl alcohol have been measured at 4 different 
temperatures in the range of 303 to 512°K. As in the case of 
COg - normal-propyl alcohol, all the fluorescence signals 
exhibited single exponential decays. Hence the (data reduction 
is identical to that of C0 2 n-propyl alcohol. A typical 
fluorescence decay curve (3L. = 0.02, P = 12,9Torff, -T = 439°£) 
is shown in Figure 8. In Figure 9, the fluorescence signal 
intensity is plotted against time on a semi-logarithamic -plot , 
the slope of which yields The experiment is repeated for 

the same temperature and composition at different pressures of 
the mixture and in all cases t" - 1 is estimated. Figure 10 shows 
the pressure dependence of It can be seen from the figure 

that only collisional deactivation is primarily responsible for 
the deactivation of CC^COO 0 !) . The slope of this plot yields 
(Pv)“t) g . A .least square analysis of the data is performed to 
obtain . The studies are conducted with different 

compositions and the resulting K values are plotted against 
2^ in Figure 11. A least square analysis of this data is 
carried out to obtain The maximum composition of the 

mixtures for these studies is limited to 4 per cent of iso-propyl 
alcohol because of the fast rates which can be measured with the 


detector whose response time is approximately 3 p sec. Such 
studies are repeated at 4 different temperatures in the range 
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303 - 512°K. The temperature dependence of K GQ _ M is shown 
in Figure 12 and the rest of the experimental results are 
presented in Tables 6-10. 

The rate of deactivation of C02(00°l) in collisions 


with iso-propyl alcohol is found to increase with decreasing 
temperature. Such temperature dependence and such high values 
of the deactivation rates suggest that long range forces could 
be responsible for energy transfer. 









.1 
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TABLE 6: RATE COES TARTS AND CROSS-SECTIONS OF E HER GY TRANSFER 
FROM C0 2 (00°1) TO ISO-PROPYL ALCOHOL 


Temp. 

in 

°K 

Mole fraction 
of Iso-propyl 
alcohol 

(Pt)" 1 - -K 

-1 —1 —1 —1 

msec torr sec torr 

a 

a 

(S > 2 

303.0 

0.021 

(6.45+1.26)° 



0.032 

293.64 x 10 3 

1.850 


0.042 

- 


373.0 

0.021 

3.87+0.21 



0.032 

4.65+0.32 (147. 29+11. 25)xl0 3 

0.974 


0.042 

6.92+0.39 


439.0 

0.021 

2.8 + 0.18 

• ■' . ’ . 


0.032 

3.99 + 0.16 (100.72+3.32 )xl0 3 

0.645 


0.042 

4.75 + 0.34 


512.0 

0.021 

2.54 + 0.14 



0.032 

3.59 + 0.18 (71.09 +7.02)xl0 3 

0.581 


0.042 

3.71 + 0.21 


a The 

cross-sections 

a are calculated according to eq. 

(2.2) 


°The error limits correspond to 95 pe* 1 cent confidence limits. 
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TABLE 7 


Temperature = 512°K 
Pressure (P) in Torr; 

System; Carbon 
msec""*"; 

. di ox id e-iso -propyl alcohol 

X~mole fraction of alcohol 

X= 

=0.042 

X= 

=0.032 


x=o. 

,021 


P - ' 

t " 1 

,p. : 


•t 1 

p- 


1 

2.8 

19.82 

3.5 


20.0 

3.4 

13. 

97 

2.8 

20.21 

3.5 


19.56 

3.4 

13. 

37 

3.8 

19.42 

4.8 


28.15 

4.7 

18. 

50 

3.8 

25.14 

4.8 


26.47 

4.7 

18. 

75 

5.0 

26.70 

6.4 


30.18 

6.5 

24. 

34 

5.0 

26.46 

6.4 


30.72 

6.5 

27. 

29 

6.7 

35.52 

8.2 


39.54 

8.0 

30. 

70 

6.7 

35.36 

8.2 


37.62 

8.0 

24. 

52 

8.5 

45.00 

9.0 


40.40 

10.0 

30. 

55 

8.5 

51.16 

9.0 


41.76 

10.0 

30. 

17 

10.5 

55.90 

9.8 


46.29 

12.4 

36. 

30 

10.5 

60.64 

9.8 


46.79 

12.4 

38. 

12 

12.2 

56.34 

11.4 


49.16 

14.4 

51. 

73 

12*2 

54.80 

11.4 


50.92 

14.4 

44. 

60 

13.8 

58.37 

13.6 


57.92 

14.4 

44. 

86 

13.8 

55.98 

13.6 


59.36 

17.1 

53. 

96 

15.4 

64.91 

17.0 


57.11 

17.1 

55. 

22 

15.4 

59.47 

17.0 


63.02 

17.1 

50. 

99 

17.6 

- 74.39 

20,3 


93.71 

18.7 

57. 

99 

17.6 

81.07 

20.3 


86,50 

18.7 

53. 

50 



20.3 


75.90 

18.7 

51. 

36 



~' r ) 0 
■ i.. « u 


9 - 

' ' 9 — . 

20.2 

60. 

63 






20.2 

46. 

21 


(P T )“ 1 =(3. 71+0,22) (Pt)“ 1 =(3.5‘0±O.18> (P'c)'' 1 =(2,54±0.i4) 

msec'^Torr” 1 msec^Torr” 1 msec^Torr -1 
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TABLE 8 


Temperature ; 439 K System; Carton dioxide— iso— Propyl Alcohol 
Pressure(P) in Torr; t ^(msec) ^ ; X-mole fraction of alcohol 


X=0 .042 

X=0 

.032 - 

X=0.021 

P 

-1 

T 

P 

-1 

P 

-1 

-r 

2.0 

19.47 

2.6 

22.31 

2.5 

15.66 

2.0 

19.07 

2.6 

25.08 

2.5 

13.18 

2.7 

22.99 

3.9 

27.77 

4.3 

32.98 

2.7 

23.92 

3.9 

34.13 

4.3 

21.81 

3.8 

38.60 

5.3 

36.66 

5.8 

27.42 

3.8 

30.80 

5.3 

39.00 

5.8 

26.06 

5.2 

44.94 

7*0 

46.46 

7.2 

39.14 

5.2 

37.10 

7.0 

45.63 

7.2 

35.27 

6.9 

55.22 

7.0 

34.86 

8.9 

50.80 

6.9 

53.80 

8*6 

52.59 

8.9 

44.18 

6.9 

67.67 

8.6 

44.56 

8.9 

42.04 

8.4 

47.74 

10.6 

60.77 

10.7 

38.80 

8.4 

57.07 

10.6 

64.97 

10.7 

44.19 

10.0 

65.17 

12.5 

62.24 

13.0 

47.06 

10.0 

71.07 

12.5 

60.06 

13.0 

50.41 

10.0 

77.09 

14.6 

74.01 

15.9 

57.16 

11.7 

65.02 

14.6 

68.15 

15.9 

58.13 

11.7 

58.15 

14.6 

79.99 

18.4 

60.51 

11.7 

72.70 

16. 6 

77.95 

18.4 

66.94 

13.6 

75.23 

16.6 

82.83 

20.1 

70.18 

13.6 

74.29 

19.8 

92.80 

20.1 

68.70 

15.2 

83.59 

19.8. 

94.71 



15.2 

91.75 






(Pt)“ 1 =(4.75+0.34> (Pt)“ 1 =(5.93+ 0.16)- (Pt)“ 1 =(2.80 + 0.18) 

msec~ 1 Torr“' 1 " msec -1 Torr“ 1 msec~^Torr“’^' 
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Temper ature=373°K 

Pressure(P) j_ n p 0 rr; 
X=0.042 


TABLE 9 


System: Carbon dioxide-iee-propyl alcohol 
T ln msec 1 i X-mole fraction of alcohol 


X=0.032 


X=0 .021 


3.4 

3.4 
4.6 

4.6 

5.7 

5.7 
6.6 
6.6 

7.4 
7.4 
7.4 

8.8 

8.7 

9.7 
9.7 

10.6 

10.6 

12.6 

12.6 

15.4 

15.4 


26.05 

34.75 
49.33 
43,35 
55.25 
84.31 
61.13 

62.75 

63.30 

74.31 
71.51 
83.54 
72.49 
85.89 
71.43 
95.41 
93.03 
95.47 

108.38 

120.99 

109.08 


(Pu)“ 1 =( 6. 92+0.3$ 


3.6 

3.6 
5."0 
5.0' 
6.3 
6.3 
7.8 
7.8 

9.7 
10.3 
10.3 
12.2 
12.2 
13.0 
13.0 
14.8 
14.8 

14.8 

15.8 
15.8 
17.2 
17.2 


-34,85 
36.18 
' 44.70 

46.69 
53.66 

55.14 
58.81 
56.71 
59.46 
81.48 
74.60 
71.77 
74.95 

82.15 

85.06 
83.09 

77.07 
93.89 
94.83 

101.79 

117.16 

93.70 


4.8 
4.8 

6.4 

6.4 

7.8 . • 

7.8 • 

8.8 '• 

8 . 8 - • 

10.5 ‘ 

10.5 ' 
11.8 
11.8 
13.8 
13.8 
15.3 
15.3 

16.6 
16.6 
19.5 
19.5 


30.31 
31.30 

42.32 
41.02 

46.52 
50.70 
43.22 
41.99 
56.15 
60.10 

63.24 
60.39 
63.63 
69.60 
69.59 

71.53 
76.49 
82.05 
88.75 

97.25 


msec"’ 1 TQrr"' 1 


(Pt) 1 -( 4. 65+0. 32)- (PtT^C 3.87+0. 21) 


msec"" 1 Torr" 1 


msec"* 1 Torr"" 1 
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TABLE 10 

Temperature : 303°K System; Carbon dioxide-iso-propyl alcohol 

Pressure (P) in Torr; (t) ^ in msec^j X— mole fraction of 

alcohol 


I = 0.021 


p 

-1 

T 

5.8 

26.73 

5.8 

33.95 

5.8 

38.04 

6.3 

38.66 

6.3 

38.58 

7.4 

51.57 

7.4 

105.34 

8.2 

51.52 

8.2 

59.01 

8.8 

57.72 

8.8 

62.12 

9.5 

66.43 

9.5 

60,26 

.10.3 

66.91 

10.3 

68.13 

11.1 

92.67 

11.1 

87.43 

12.1 

80.70 

12.1 

75.18 

13.0 

78.03 

13.0 

84.41 


(Pt )“' L =( 6 .45+$.X6 Jmsec^Torr 



CHAPTER 5 
CONCLUSIONS 


The V-V energy transfer rates in C0 2 -propyl alcohol 
mixtures have been studied in the temperature range 30J-514°K. 
The deactivation rates are found to decrease with increasing 
temperature. The large values of the energy transfer rates and 
their decrease with increasing temperature suggests that long- 
range multipole interactions are primarily responsible for 
the deactivation of C02(00°l) mode. Since the energy levels of 
propyl alcohols are very close, several reaction paths may 
contribute towards the observed energy transfer rates. 

It will be helpful if one can estimate energy transfer 
probabilities theoretically based on long-range multipole 
interactions and compare with the experimental data. If it 
is possible to follow the fluorescence from other levels, 
attempts should be made to study the various energy transfer 
processes and to plot the energy transfer map. 
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